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AKTflAgX 

The  flow  'throu^  a perforated  vail  is  imrestigated 
tising  a modlfLed  form  of  ToUnlen's  soltttion  for  a free 
Jet.  The  results  of  experiments  indicate  that  this  tTpe 
of  flow  is  a Tw-^Ting  i^norienon,  and  that  the  Reynolds 
number  is  of  secondazy  importance. 
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' fXo*ii  ^Ik<Dl.'d5  Si  VlLiict  uHIuxod.  wild.clj  iriupxo^o  yaX^O^atai 

vaTT.  ,*i  the  teet  section,  it  is  important  to  know  the  mass  of  air  flowing  o\xt 
u.x^rr  ^ the  holes. 

First,  it  is  assumed  that  the  flow  can  be  treated  similarly  to  that  of  a 
free  ,1et  i,e,,  the  phenomena  of  mixing  occurs.  Because  soiaa  of  the  ad-r  u r » 
st.ricted  by  the  presence  of  the  perforated  walls,  ceitain  modifications  mve  to 
be  made  concerming  the  amount  of  mixing  that  takes  place. 

It  is  known  (Ref,  1.)  that  the  rate  of  increase  of  the  mixing  width  d l£ 

ML  . J- 

dt  ~ h 

where  is  the  nixing  length  and  u^  the  free  stream  velocity,  1?  a -ion- 

stant  in  any  given  ease,  but  has  diiferent  numerical  values  in  other  oases. 

This  seems  to  indicate  that,  slthou^  the  relation  between  the  velocity  a 
and  JL  which  is  the  distance  along  the  mixing  region  are  xujknownp  the  momeni’im  at 
each  section  must  be  the  same.  Thus  the  momentum  M is  given  by  the  relai  > 


M 


i lz 


number  • ^ b 


,2) 


emd  substituting  in  eqiiation  (l) 

Ob 


or 


db 


,,  = number  • 

dt  diC 


dk 

d% 


= number 


on  integrating 


b = number  • x + constant 


(3) 
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1-  nixLn^  ■’ennr  can  be  written  proportional  to  t as 

-^  = CX  (^) 

ae  effect  of  the  presence  of  the  perforated  walls  m«Vo.Q  it  necessary  to 
introduce  another  constant  d ^diich  is  the  ratio  of  the  open  area  to  the  total, 
area  of  the  wall.  Let  us  assume  that  the  mi  ring  length  -£  shall  be  p^opertion- 
al  to  the  open  length  only  and  thus  we  obtain: 

£ - 6 - dc‘  •)(.  (5) 

However,  there  is  no  change  in  the  boundary  conditions  between  this  case 
and  that  of  an  open  jet,  since  it  is  assvmed  that  the  introduction  of  perforat- 
ed walls  has  no  effect  on  the  flow  at  the  boundaries. 

The  quantity  of  air  flowing  o\it  througb  the  holes  can  then  be  found  by 
applying  the  continuity  equation. 

II.  xam 

When  a peirallel  stream  of  air  emerges  from  a wind  tunnel  of  the  ,^et 

t^pe  it  mixes  with  the  surrounding  air.  Hodificatlon  of  the  amount  of  mjdng 
that  occurs  can  be  attained  by  introducing  perforated  walls  in  the  test  area 
of  the  wind  tunnel.  The  exact  solution  for  the  case  of  the  open  jet  has  been 
found  by  V.  ToUmien  and  is  shown  in  some  detail  in  Ref.  1.  The  solution  for 
the  perforated  walls  requires  the  following  modifications: 

1.  The  mixing  length  \dilch  is  proportional  to  the  width  b,  is 
written  £=  cdx,  ^diere  c is  the  constant  of  proportionality 
and  d is  the  ratio  of  the  open  area,  to  the  total 

2 
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2e  Thfer-.-  -c;  f.  new  3C  - 


Of,  , v^-^re  Of.  — C 


0(  i£ 


’Trc'j>^  ’ iJial  to  t’i^  Eilnuo  2/i  ■'■'w-*’*  of  the  'lungt-h, 

'■•le  quant  ity  </  which  la  pr,^7ortionaj.  to  y/b  remarl n&  y = y/x. 
Tlslng  uue  solution 

•ACe-V+C,  cr;? 


of  the  differential  equation 


f-r-  " ■>  I-  " r-  f"  ^ 

FF  ^ ^ = 0. 


\^oh  satisfies  the  same  boundary  conditions  as  for  free  flow,  namely: 

1.  u * u^  and  v = 0 at  the  boundary  between  the  mixing  and 

+ Vi«  ^ 4-1,^  4-^^  — r\  _4»  4-V^ J l 


the  flow  in  the  test  area,  and 


0 beca-'use  of  the  coiitinaou? 


transition  of  velocity  profiles.  If  the  boundary  is  denote by  y 

the  conditions  are  expressed  Ff^j-  F f/j^)  a/n^  , C>^,)~0 

du. 

2.  u = 0 and  — — =0  at  the  boundary  of  the  mixing  zone  and  undi  slur  bed 
B'f 

air.  These  conditions  can  be  denoted  by  /^2  , so  = 0 anJi  ^ ' G. 

The  solutions  for  the  five  unknowns  C-j^,  Cg,  ^2 

have  been  calculated  and  the  values  found  to  be 
(K  Cj^  =■•  -0,0163 
o(  = 0.1374 

olC^  = 0.6918 
^ 0.981 
= -2„04 


>di8re  Q^o*  U,8. 
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v* r 5 +h-  MsiA  j.--  aaprtloB  tha"  u = ■u^r(j>)  wii^iiv  .arle? 

y-ji  scftix)  it,  ui,vJ.stiirbed  ■’ijr  to  the  va.’.  \*>  one  in  the  undisturbed  petrallel  stream, 
islng  :he  conditions  ol  continuity  and  intioduclng  a stTvam  function,  the  veloci- 
es  u euid  v vere  found  as 


U = U. 


QA\^  - u 


follows  directly  from  the  continuity  equation  that  the  mass  of  air  Zi  low- 
ing out  of  the  holes  is 

fr^^oo- fu)cLf  (8) 

on  integrating  AnO-xfU^  (^) ) 

and  i 

so  Am  ^ ^f*Uoa  f^Yo) 

/^/n  = O /ZOd 

Reducing  this  result  to  dimensionless  fona,  the  equation  becomes 

/ Am 

~ X m 


m'  = Am 


rn  = A 


thus  m»  = 0.1209  0.01023  (< 

is  ths  mass  leaving  an  area  of  perforated  wall  equal  to  the  t\mnel  cross 
sectional  area  divided  hy  the  mass  going  through  the  tunnel. 

Also  the  mass  flow  can  be  calculated  for  the  case  \d»ere  the  perforated 
walls  have  a oertedn  divergence.  The  amovmt  of  divergence  is  denoted  ~ 
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: i\-  ©qnat-'.or  i--  ..ia  ^ -Ir  leaving  i 


lu 


t 

expressing  in  tenna  of  ^ 


h 


£^m.  = 


r = Xyoa„  0 F'ff)d^j 


(10) 


(11) 


The  bonniary  co^-dltiona  rer^kin  the  sane  as  'o  ' the  solirtion  without  diverga-ice, 
lE  ing  the  coad-tion  F(-^  ) = ^ equation  (U)  becomes 

= y-j=>u  CO  rr^,) 

Reducing  this  to  dimensionless  form 

' rt)  ' 

^ o(^/  = a ^<^3/ 

This  result  is  shown  in  Fig,  1. 


III.  EIFERIMEWrAL  INVEgTIGATION 
A.  Apparatus 

/ -riHl  wind  tunnel  operating  at  a constant  vslocit7  of  21.7  maters/ 
second  was  used  tc  obtain  the  data  for  this  report.  Two  fjarallel  walls 
fozmed  the  test  section,  \diich  had  a cross-section  of  4"  x 8".  One  side 
was  open  to  give  atmospheric  conditions  at  tho  boundary.  The  fcorth  side 
providod  a test  area  of  4"  x 14"  to  ^diich  the  perforated  walls  were  attached. 
The  boundary  layer  was  removed  as  the  flew  emerged  from  th?  nozzle. 
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\ water  ad-ncaeter  gave  abscl’j>>r  press- ,"=  ’neajmreae.it  ^ r.  vain 

Oo2  f-  cf  ••alere  The  Telicity  profit e**  -/9r^  '-bb- .i.  tei  a^'^ng  a s-'.*  tie  total 
head  probe  fle^ttwueu  to  i-ead  a rnmnu  0.015  iJicn*;;  *roin  the  V8.U,  A ai- 
crometer  head  was  used  tc  measure  the  distances  from  the  'wall  into’  the 
veloci&7  atreaE,  Static  pressure  readi.ngs  were  mad»^  «ith  a probe  ’located 
at  the  centerline  of  th“  tunnel  at  each  station. 

Bo  Investigation  for  Ibrcrus 
1,  Procedure 

Pressure  measureiaents  were  made  for  the  open  jet  arrangement 
of  the  t’lnnel  at  stations  three,  six,  uaie,  and  twelve  inches  along 
the  wall.  This  was  done  to  compare  the  constant  cCg  of  this  setiip 
with  the  value  given  in  Ref.  1, 

Perforated  walls  were  fitted  on  the  test  area  and  pressia-r^ 
measurements  and  velocity  pro!  lies  made  for  the  same  station? 
along  the  wall.  The  characteristics  of  the  perforated  wall; 


Van 

dia.  of  hole 
(inches) 

Holes/ in^' 

(/ 

a 

arrarigemsnb 

hole? 

A 

.057 

108 

.^76 

25.35 

hexELgonal 

B 

.057 

144 

.367 

21oV^ 

square 

c 

.045 

165 

.260 

27.02 

hexagonal 

D 

.045 

225 

.370 

21.37 

square 

E 

.023 

420 

.196 

32.65 

hexagonal 

P 

.023 

576 

.250 

27.74 

sq’mra 
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2,  T&at  Results 

In  the  ease  of  the  open  Jet  it  was  necessary  to  coapare  0(^ 
for  the  particular  arrangement  with  the  known  value.  This  was  done 
in  Pig.  2 where  the  correction  has  been  Bade.  For  the  results  ob- 
tained Ofo  was  rediioed  to  U.O  so  the  mazlmom  number  of  points  would 
fall  close  to  the  previous  result. 


In  Figs.  3 through  3 veljcitj-  profilos  for  the  six  different  per- 
forated walls  are  shown.  Using  these  profiles  the  mass  of  eiir  leaving 
throu^  the  holes  was  determined  by 


Arn 

= /^oo  d 

A 

( 0-  CJ 

' 

(i3) 

OT  changing  to 

dimensionless  form 

\diere 

/ 

rn  = 

h*  Arn 
X 

h ' - 

It 

and 

then 

t 

>n  - 

(!(■'- 1 

) ^ 
' X 

and 

OLm'  -- 

\ 

fl4) 

The  values  of 

m'  for 

the  different  perforated 

wall?  at 

lengths  X are 

Wall 

X 

3* 

6" 

9* 

12» 

A 

o(m’ 

.2931 

.1674 

.1510 

.1505 

B 

o(  m’ 

.2835 

.2246 

.219'? 

.2435 

C 

o(n* 

.3025 

.1928 

.1501 

.1270 

D 

c(m' 

.2908 

•220, 

.2042 

.1901 

E 

o(m* 

.2785 

.1480 

.1016 

.0849 

F 

c<m’ 

.3U3 

.1627 

.1135 

.1119 
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These  results  are  shown  In  Fig,  9. 

No  measnrenezitB  were  sade  for  the  ease  of  dlvergenoe,  but  the 
theoretical  results  ejre  shown, 

IV.  CONCLUSIONS 

"he  experimental  results  obtained  for  flow  through  perforated  walio  Ls  in 
aTreeoent  with  the  original  assunpMon  - that  this  type  of  flow  is  a mixing 
phenomena.  This  is  indicated  in  Fig,  9 where  it  is  seen  that  the  values  of  O^m’ 
at  stations  along  the  wall  approach  the  theoretical  value  farther  downstream. 

There  are  also  two  indications  that  this  phenomena  is  independent  of  the 
size  of  the  tunnel,  since  the  Reynolds  number  influence  is  negligible.  The 
first  is  shown  in  the  results  plotted  in  Fig,  2 'irfiere,  for  flow  from  an  oper 
J-?t,  the  value  of  the  coefficient  <X,  is  the  same  as  for  the  results  of  the 
Gottingen  tunnel  as  given  in  Ref,  1,  By  comparing  the  increase  in  the  displace- 
ment thickness  for  particular  perforated  walls  with  results  obtained  by  otlsr 
persons  conducting  similar  experiments  (Ref,  2),  it  is  seen  that  good  - lent 
is  obtained.  In  this  cooq»rison  the  difference  in  Reynolds  number  was  o.t-it.a 
large,  but  the  Influence  was  negligible. 

Thus,  in  conclusion  one  may  state  that  the  flow  throu^  perforate!  walls 
should  be  treated  as  a mixing  process  and  that  the  Reynolds  number  is  of  sec- 
ondary importance. 
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